###### Strengths and limitations of this study

-   The data are from the best available surveys on Irish adolescents from 1995 to 2015 using an internationally validated survey instrument, including comprehensive measurement for smoking-related factors. The datasets in different years are comparable in data collection and questions.

-   The study is based on multivariable logistic regression which controls for confounders.

-   The factors associated with the changing gender gap in adolescent smoking were examined.

-   Other factors potentially related to adolescent smoking were not included in the surveys, such as parental smoking.

-   Limited data availability for some of the European School Survey Project on Alcohol and Other Drugs waves are acknowledged.

Introduction {#s1}
============

People who take up smoking at a younger age become more dependent and find it harder to quit than smokers who start later in their lives,[@R1] so policies designed to discourage adolescents from starting to smoke have been at the forefront of tobacco prevention in recent years. In Ireland, the Tobacco Free Ireland (TFI) report of 2013 stated that the protection of children must be prioritised in all of the initiatives outlined in the policy.[@R3]

The parties to the 2003 WHO Framework Convention on Tobacco Control stated their 'deep concern' regarding tobacco consumption by children and adolescents, emphasising price and tax measures as effective means of reducing tobacco consumption among young people.[@R4] Between 1995 and 2015, the real retail price per package of 20 cigarettes in Ireland has been increased almost every year (see online [supplementary appendix I](#SP1){ref-type="supplementary-material"}). The European Tobacco Products Directive (2014/40/EU) places restrictions on the use of tobacco packaging designed to appeal to children and prohibits flavoured cigarettes and roll-your-own tobacco.[@R5] In Ireland, stronger legislation regarding the complete standardisation of tobacco packaging came into force in September 2017 and should reduce further the effect of tobacco advertising on adolescents.[@R6]
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Between 1995 and 2015, a series of national-level tobacco control policies were introduced (online [supplementary appendix II](#SP1){ref-type="supplementary-material"}), although there were no school-specific tobacco control policies implemented in Ireland. For example, the implementation of age limit law under Public Health (Tobacco) Act 2002 was not fully implemented until April 2007. It is an offence to sell cigarettes or other tobacco products to persons aged under 18 years. In addition, since 2009, retailers are required to register with the National Tobacco Control Office. Vending machines were banned except in licensed establishments.

There has been a large volume of research conducted regarding interventions against adolescent smoking, including studies evaluating policies to restrict access and raise awareness of risk, with mixed results.[@R7] Some studies have examined perceptions of risk and its association with smoking and the majority reported a negative association between risk perception and smoking.[@R10] Other studies have investigated correlates in the domestic and social sphere, including associations with parental monitoring, relationships with parents, family structure, truancy from school and peer smoking. [@R12] It is also established that adolescents from a lower socioeconomic background are more likely to smoke.[@R17] This study first establishes the declining trends in smoking among Irish people aged 15 and 16 years between 1995 and 2015 and the closing of the gender gap. Second, we examine potential factors associated with their smoking behaviours using the 2007--2015 surveys. Based on the factors mentioned in existing literature and taking account of availability in the dataset, we explored the relationship to smoking prevalence of gender, survey years, perceived ease of access to cigarettes, perceived risk of smoking, perceived relative wealth, parental monitoring, maternal relationship, family structure, truancy and peer smoking, and also discussed the changes of the factors over time. We cannot assess the effects of the use of electronic(e)-cigarettes on trends using these data as we only have data on e-cigarette from the 2015 survey and they were only introduced in 2013. We have expressed our fears concerning e-cigarette and the need for close monitoring elsewhere.[@R19]

Methods {#s2}
=======

Data source and sample {#s2a}
----------------------

This study used data from the European School Survey Project on Alcohol and Other Drugs (ESPAD) Ireland. The main purpose of the survey was to collect comparable data on substance use among 15-year-old and 16-year-old students across Europe, in order to monitor trends within and between countries, including Ireland.[@R21] ESPAD Surveys were conducted every 4 years between 1995 and 2015, resulting in six waves of data from 26 countries, and 35 countries participating in 2015.

The sampling procedures, data collection and questionnaire used in Ireland were consistent with the international ESPAD study protocol.[@R19] School students born in specific calendar years were eligible and selected using stratified random sampling. Data were collected anonymously through paper-and-pencil, self-completion questionnaires administered in the classroom. After standardised cleaning procedures, the datasets were obtained from the ESPAD official database. Full accounts of the methodology of the study in each survey year could be found in the respective reports of the ESPAD project. [@R21]

Smoking prevalence for all six ESPAD waves is available and used for the trend analysis. The raw 1999 and 2003 survey datasets are unavailable and the 1995 dataset did not include most of the measures used in the study. Therefore, only the 2007, 2011 and 2015 studies were used to assess the associated factors of smoking. Sample characteristics are reported in [table 1](#T1){ref-type="table"}.

###### 

Sample sizes, gender and response rates of the European School Survey Project on Alcohol and Other Drugs Ireland Surveys (1995--2015)

  Years               1995   1999   2003   2007   2011   2015
  ------------------- ------ ------ ------ ------ ------ ------
  Sample size         1849   2277   2407   2221   2207   1470
  Male (%)            49     49     51     45     50     51
  Response rate (%)   96     92     96     94     94     86

Measures {#s2b}
--------

Respondents were asked how frequently they had smoked in the last 30 days, with answers ranging from 'not at all' to 'more than 20 cigarettes per day'. Those who answered 'not at all' are non-smokers and those who had smoked at least once in the last 30 days are smokers. Current or 30-day smoking prevalence rate is the proportion of smokers.

The questionnaire included items about respondents' awareness of and experience with cigarette smoking, perceived family wealth, parental monitoring, relationship with parents, family structure, truancy and peer smoking.

Students were asked how difficult it would be to get cigarettes if they wanted them and to what extent people risk harming themselves (physically or in other ways) if they smoke occasionally. The majority of students thought it would be easy to get cigarettes and about half of the students perceived a moderate/great risk from smoking occasionally.

Socioeconomic status was estimated by how well off students perceived their family to be compared with other families on four points from 'much better off' to 'less well off'. Respondents were also asked whether their parents know where they spend Saturday nights (always, quite often, sometimes or usually do not know) and whether they were satisfied with their relationship with their mother. Students also listed the members of their household and around 14% of the students were from one-parent families.

Respondents were asked about truancy by reporting the number of days on which they had skipped one or more days during the last 30 days. In addition, they were asked how many of their friends smoked cigarettes.

The frequencies of responses for each predictor category are shown in [table 2](#T2){ref-type="table"}. Most responses changed significantly across the survey years, notably in perceived access to cigarettes, parental monitoring and peer smoking. Particularly, in 2007 and 2011, only about 12% of the students reported that none of their friends smoked, but by 2015 it had increased to 34%. The proportion of students who claimed most/all of their friends smoked had decreased from 20% in 2007 to 11% in 2015. Access to cigarettes had become more difficult across the three survey waves, with students who reported that it was difficult to obtain cigarettes increasing from 12% in 2007 to 28% in 2015. More students claimed that their parents always know where they spend Saturday nights, from 48% in 2007 to 63% in 2015.

###### 

Summary of the results and changes in key measures associated with smoking in Irish European School Survey Project on Alcohol and Other Drugs (ESPAD) Surveys 2007--2015

                                                           ESPAD year          
  -------------------------------------------------------- ------------ ------ ------
  Access to cigarettes\*                                                       
   Difficult (%)                                           12.0         16.2   28.1
   Easy (%)                                                41.7         41.9   42.4
   Do not know (%)                                         46.3         41.9   29.5
  Risk of smoking cigarettes occasionally                                      
   No/slight risk (%)                                      39.6         43.0   41.6
   Moderate/great risk (%)                                 58.0         54.2   55.8
   Do not know (%)                                         2.3          2.8    2.5
  Perceived family relative wealth\*                                           
   Much better off (%)                                     15.8         10.8   15.8
   Better off (%)                                          32.4         27.7   25.8
   About the same (%)                                      46.2         56.2   48.6
   Less well off (%)                                       5.5          5.3    9.8
  Parents knowing where students spend Saturday nights\*                       
   Know always (%)                                         47.4         49.6   62.7
   Know quite often (%)                                    30.0         30.3   23.3
   Know sometimes (%)                                      15.4         14.9   8.9
   Usually do not know (%)                                 7.2          5.3    5.1
  Relationship with mother\*                                                   
   Satisfied (%)                                           83.4         87.4   87.4
   Neither nor (%)                                         7.8          5.0    5.2
   Not satisfied (%)                                       8.8          7.5    7.3
  One-parent family                                                            
   Two or more parents (%)                                 87.0         86.1   86.0
   One parent (%)                                          13.0         13.9   14.0
  Skipping school in the last 30 days\*                                        
   None (%)                                                73.6         80.4   80.2
   1--4 days (%)                                           21.2         16.7   16.1
   5 days+ (%)                                             5.2          2.9    3.8
  Peers smoking\*                                                              
   None (%)                                                12.4         11.9   33.5
   A few/some (%)                                          67.6         69.7   55.8
   Most/all (%)                                            20.0         18.4   10.6

\*χ^2^ statistically significant at 0.05 level.

Statistical analysis {#s2c}
--------------------

To examine the gender gap in smoking prevalence between 1995 and 2015, two-sample proportion tests were used and p values are reported. The main analysis examined the factors associated with adolescents' smoking behaviours across the last three survey waves using multivariate logistic regression. The dependent variable was whether or not a student had smoked in the last 30 days. Independent variables included gender, survey years and the measures listed in [table 2](#T2){ref-type="table"}. The analysis was then repeated for each gender individually to detect if any factors played different roles between female and male students. All of the statistical analysis was conducted in IBM SPSS Statistics V.22.

Results {#s3}
=======

Trend of adolescent smoking and the closing of gender gap {#s3a}
---------------------------------------------------------

Thirty-day smoking prevalence among boys and girls for each survey wave is shown in [table 3](#T3){ref-type="table"} and [figure 1](#F1){ref-type="fig"}. In 1995, female students had a 30-day smoking prevalence of 44.9%, much higher than the prevalence of male students of 36.7% (p\<0.001). Along the survey years, the prevalence for both genders dropped significantly, with girls achieving a greater decline. By 2015, the female and male smoking prevalence is 12.8% and 13.1%, respectively. With slightly fewer female students smoking than male students, the gender gap was closed by 2015, which is confirmed by the p value of 0.83.

###### 

Thirty-day smoking prevalence (%) in Irish European School Survey Project on Alcohol and Other Drugs Surveys (ESPAD) from 1995 to 2015

  Year         1995      1999      2003      2007      2011    2015
  ------------ --------- --------- --------- --------- ------- ------
  Male         36.7      32        28        19.3      18.6    13.1
  Female       44.9      42        37        26.8      23.2    12.8
  Total        40.9      37        33        23.4      20.9    13.0
  P values\*   \<0.001   \<0.001   \<0.001   \<0.001   0.009   0.83

\*The null hypothesis is that female and male students had the same smoking prevalence.

![Trend of adolescent smoking prevalence: 1995--2015.](bmjopen-2017-020708f01){#F1}

Predictors of adolescent smoking {#s3b}
--------------------------------

[Table 4](#T4){ref-type="table"} presents the multivariate logistic regression results taking account of the potential factors associated with adolescent smoking. Peer smoking, perceived access to cigarettes, perceived risk of smoking, parental monitoring, truancy, maternal relationship, perceived relative wealth and family structure were all significantly associated with adolescent smoking, and some of the factors had different effects for female and male students.

###### 

Multivariate logistic regression results of various factors potentially associated with smoking from Irish European School Survey Project on Alcohol and Other Drugs (ESPAD) Surveys 2007--2015

                                                       OR (95% CI)                                              
  ---------------------------------------------------- ---------------------------- --------------------------- ----------------------------
  Gender                                                                                                        
   Male                                                1                            **NA**                      **NA**
   Female                                              **1.50 (1.25 to 1.80)**      **NA**                      **NA**
  ESPAD year                                                                                                    
   2007                                                1                            1                           1
   2011                                                1.05 (0.85 to 1.28)          1.20 (0.89 to 1.62)         0.93 (0.70 to 1.23)
   2015                                                0.91 (0.70 to 1.18)          1.17 (0.80 to 1.70)         0.72 (0.50 to 1.03)
  Access to cigarette                                                                                           
   Difficult                                           1                            1                           1
   Easy                                                **1.44 (1.01 to 2.07)**      1.12 (0.65 to 1.93)         **1.69 (1.04 to 2.74)**
   Do not know                                         **2.88 (2.02 to 4.10)**      **2.54 (1.51 to 4.29)**     **3.04 (1.87 to 4.92)**
  Perceived risk of smoking                                                                                     
   Great/moderate risk                                 1                            1                           1
   No/slight risk                                      **1.90 (1.58 to 2.28)**      **1.65 (1.26 to 2.16)**     **2.16 (1.67 to 2.80)**
   Do not know                                         0.66 (0.27 to 1.59)          0.45 (0.09 to 2.16)         0.86 (0.28 to 2.61)
  Perceived family relative wealth                                                                              
   About the same                                      1                            1                           1
   Much better off                                     **1.33 (1.02 to 1.73)**      1.15 (0.78 to 1.69)         1.42 (0.97 to 2.08)
   Better off                                          0.84 (0.68 to 1.05)          **0.68 (0.49 to 0.93)**     1.01 (0.75 to 1.36)
   Less well off                                       1.07 (0.74 to 1.56)          0.92 (0.52 to 1.61)         1.20 (0.73 to 1.99)
  Parents know where students are on Saturday nights                                                            
   Know always                                         1                            1                           1
   Know quite often                                    **1.46 (1.18 to 1.82)**      **1.78 (1.28 to 2.47)**     1.19 (0.88 to 1.61)
   Know sometimes                                      **2.43 (1.89 to 3.13)**      **2.28 (1.58 to 3.29)**     **2.59 (1.81 to 3.70)**
   Usually do not know                                 **3.24 (2.29 to 4.59)**      **4.79 (2.95 to 7.75)**     **2.04 (1.23 to 3.36)**
  Relationship with mother                                                                                      
   Satisfied                                           1                            1                           1
   Neither nor                                         1.33 (0.96 to 1.84)          1.36 (0.80 to 2.31)         1.34 (0.87 to 2.06)
   Not satisfied                                       **1.82 (1.36 to 2.44)**      **1.93 (1.19 to 3.14)**     **1.81 (1.24 to 2.63)**
  Family structure                                                                                              
   Two parents or more                                 1                            1                           1
   One parent                                          1.25 (0.97 to 1.61)          0.92 (0.62 to 1.38)         **1.57 (1.12 to 2.20)**
  Skipping school                                                                                               
   None                                                1                            1                           1
   1--4 days                                           **1.93 (1.57 to 2.38)**      **1.99 (1.47 to 2.69)**     **1.89 (1.42 to 2.52)**
   5 days+                                             **2.80 (1.91 to 4.11)**      **2.46 (1.40 to 4.32)**     **3.46 (2.00 to 5.99)**
  Friends that smoke                                                                                            
   None                                                1                            1                           1
   A few/some                                          **3.77 (2.32 to 6.13)**      **3.63 (1.89 to 6.98)**     **4.23 (2.02 to 8.86)**
   Most/all                                            **18.85 (11.39 to 31.22)**   **14.06 (7.09 to 27.87)**   **26.81 (12.51 to 57.48)**

Bold numbers indicate statistical significance at the 0.05 level.

NA, not applicable.

Peer smoking had the strongest effect. A student with a few/some friends who smoked was four times more likely to smoke than a student who had no smoking friends. If most/all their friends smoked, the odds of smoking were 27 times higher for female students and 14 times higher for male students.

Students who reported a lower risk from smoking occasionally were twice more likely to smoke than those reported greater risk from smoking. For female students, those who reported 'easy to access' cigarettes were about twice as likely to smoke as those who reported it 'difficult'. However, for male students, there was no significant difference. Interestingly, for both genders, those who reported 'do not know' if it is easy or difficult to access cigarette are about three times more likely to smoke than those who reported it as difficult.

Family appears to play an important role in adolescent smoking. Students whose parents usually do not know their whereabouts on Saturday nights are about three times more likely to smoke than the ones whose parents always know. For male students, the odds are even larger, at close to five times. For students who were not satisfied with their relationship with their mother, the odds of smoking are about two times higher than for students who were satisfied. Being from a one-parent family did not have significant effect on male smoking. However, female students from a one-parent family were about twice as likely to smoke.

Truancy was also associated with 30-day smoking, with students who skipped more days off school being more likely to smoke.

Female students were more likely to smoke than male students when controlling for the listed predictors.

Perceived family relative wealth did not matter for female students. For male students who perceived their families to be 'better off' were less likely to smoke than those who answered 'about the same'. Adolescents from less well off families were not significantly more likely to smoke than those who answered about the same, when controlling for the named factors. Moreover, when including both genders, students who perceived their families to be much better off were, however, more likely to smoke than those from average families.

Discussion {#s4}
==========

This study confirms the decline in smoking among people aged 15--16 years and the closing of the gender gap. This study also supports research showing that perceived ease of access to cigarettes, lower perceived risk of smoking, lower parental monitoring, unsatisfied family relationships, truancy and peer smoking are associated with adolescent smoking.

The prevalence of smoking in the past 30 days declined between 1995 and 2015, with smoking rates among girls reducing more steeply than boys, thus closing the gender gap. However, when controlling for the variables shown in [table 4](#T4){ref-type="table"}, no significant change across the three survey years was found and girls had higher odds of smoking than boys did. This suggests that the factors included in the model may explain the decline in smoking prevalence. In support of this, we find that most of the factors have changed significantly in a favourable direction between data waves, including perceived access to cigarettes, parental monitoring and peer smoking.

Perceived ease of access to cigarettes decreased between 2007 and 2015. Students claiming that it was difficult to get cigarettes increased from 12% in 2007 to 28% in 2015. Several policies introduced during this period might contribute to the increase in difficulty accessing to cigarettes. In particular, the implementation of age limit law under Public Health (Tobacco) Act 2002 has officially been in force since April 2007. It is an offence to sell cigarettes or other tobacco products to persons aged under 18 years. In addition, since 2009 retailers are required to register with the National Tobacco Control Office. Vending machines were banned except in licensed establishments. These measures followed a 2007 ban on packets containing less than 20 cigarettes and a number of substantial increases to the excise duty on tobacco products, a known effective strategy to reduce prevalence among adults and children.[@R24]

Parents who 'know always' students' whereabouts on Saturday nights increased from 48% in 2007 to 63% in 2015. This may point to family dynamics or family culture as an important aspect of reducing adolescent smoking, although it should not be assumed that simply asking adolescents where they are going would affect their behaviour. Correlations between parental monitoring and how much caring and support they think they got may in fact be a proxy for other aspects of home and social life needing further exploration.

Peer smoking, the strongest factor for predicting adolescent smoking, has also improved between 2007 and 2015. Students with no smoking friends significantly increased from 12% to 34%, and students claiming most/all friends smoked dropped from 20% to 11%. According to the results, the odds of smoking are 27 times higher for female students who report that most/all their friends smoke than for those with no smoking friends. However, the direction of causality is not necessarily clear due to the limitation of cross-sectional study. Adolescents who smoke may seek out other smokers as friends, but equally, adolescents may imitate the behaviours of their friends, including starting to smoke. The fact that there are fewer smokers in the population may, at least partially, account for the fact that the students reported fewer friends as smokers but this would perhaps suggest a more passive or coincidental occurrence than the perceived role of peers in adolescent smoking.[@R25]

Despite the introduction of a number of policy measures, there was little change in perceived risk associated with smoking tobacco between 2007 and 2015. Textual health warnings on cigarette packaging were introduced in 2003 and were further expanded in 2008. Further, mandatory graphic health warnings on tobacco products were introduced in 2013, so that a text-only warning occupies at least 32% of the front and a pictorial warning occupies at least 45% of the back of the pack. These measures were intended to increase awareness of the health risks associated with smoking. However, no school-based programmes were developed in Ireland aiming to raise the awareness of risks associated with smoking during this period. The fact that perceived risk of smoking did not increase among these respondents between 2007 and 2015 suggesting that this effect was not the mode of action of existing population-wide interventions.

There is a wealth of evidence to link adolescent smoking and low socioeconomic status, but this study has found that perceived lower relative wealth was not linked to an increased likelihood of smoking. There are some explanations for the absence of effect. First, although we meant to capture socioeconomic status by perceived family wealth compared with other student, the measure is not objective, which might raise bias on the estimation of socioeconomic effect. For example, if most of a student's friends are from very wealthy families, despite the student's real family wealth, the student might feel he is less well off than them, which will make the measure far from the true socioeconomic status. Second, the association between low socioeconomic status and smoking may have been accounted for using other factors that were in the model. However, the reasons for the finding that 'perceived much better off family wealth' was associated with higher rates of smoking may be related to increased disposable income which is known to lessen the effects of price in adults.[@R26]

The closing of the gap between females and males is not fully explained by the changes in the variables examined alone and may be due to a differential effect of the changes in legislation which will be examined in other data sources.

Conclusion {#s5}
==========

Ireland has successfully achieved a considerable decrease in adolescent smoking from 1995 to 2015. In addition, the gender gap on adolescent smoking has been closed during the period. Decreased access to cigarettes has been associated with decreased smoking and the results show that better implementation of legislation is possible and should lead to further declines in the prevalence of smoking. The perception of the risks of smoking however has not increased, suggesting that targeted high-intensity tobacco control media campaigns may help and should be implemented.

The results also suggest that parents could contribute to further declines in smoking by enhancing monitoring of offspring. It is likely that adolescent smoking will reach the TFI target of 5% by 2025 given the rate of decline in this age group.
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